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TITLE OF THE INVENTION 

SHEET-LIKE CHEMICAL CELL, FUEL CELL AND METHODS FOR 
MANUFACTURING THEREOF 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a new sheet -like 
chemical cell and a manufacturing method thereof, a 
10 fuel cell and a manufacturing method thereof. 



Related Art 

Thanks to the progress of recent electronic 
technologies , electronic devices such as mobile 

15 telephone sets, book- type personal computers, 

audiovisual equipment, and mobile information terminal 
equipment have been downsized and become rapidly 
widespread as portable electronic devices • 
Conventionally, such portable electronic devices are 

20 systems driven by secondary batteries. The secondary 
batteries have been developing in the order of sealed 
lead-acid battery, Ni-Cd battery, nickel metal-hydride 
battery, and lithium- ion battery, that is, thanks to 
miniaturization, weight saving, and high energy 

25 density technologies. To prolong service lives of 
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these secondary batteries by one charging, various 
improvements have been made such as development of 
battery activating materials and high- capacity storage 
structure to increase their energy densities. 
5 However, the secondary batteries require 

recharging after a preset quantity of power is used 
and consequently, they require charging devices and 
comparatively long charging periods. The portable 
electronic devices must solve these problems. The 

10 coming portable electronic devices will require power 
supplies of higher energy densities and longer running 
periods per recharging as they must process greater 
amounts of information at higher processing rates. In 
other words, the world is expecting smaller power 

15 generators (or micro generators) that need no 
recharging . 

As one of such power generators that meet the 
above requirements, a fuel cell power supply has been 
discussed. A fuel cell converts chemical energy of 

20 fuel directly into electric energy (electrochemically) 
and requires no engine section although a conventional 
engine generator uses an internal combustion engine. 
Accordingly, the fuel cell has a high possibility as a 
compact power generating device. Further, the fuel 

25 cell need not stop the operation of the portable 



electronic device temporarily for recharging as 
frequently shown in the use of secondary batteries as 
it keeps on generating power as long as fuel is 
supplied to the fuel cell. 

A polymer electrolyte fuel cell (PEFC) is well 
known as a high current density cell to meet the above 
requirements. The PEFC comprises an electrolyte 
membrane made of perf luorocarbon sulfonate resin, an 
anode, and a cathode and generates electricity by 
oxidizing the hydrogen gas at the anode and reducing 
the oxygen gas at the cathode. To make this PEFC 
smaller, for example, Japanese Patent Laid-open09- 
223507 discloses a small PEFC power generating device 
comprising a cylindrical cell assembly which has an 
anode and a cathode respectively on the inner and 
outer surfaces of a hollow fiber electrolyte wherein 
hydrogen gas and air are supplied respectively to the 
inside and the outside of the cylinder. 

However, as a hydrogen gas is used as the anode 
gas and its volumetric energy density is low, the fuel 
tank must be greater when the small PEFC power 
generating device is applied as a power source to a 
portable electronic device. Further, this power 
generating system requires auxiliary machines to 
supply fuel gas and oxidizing gas (e.g. air) to the 
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electrolyte membrane in order to maintain the 
performance of the cell. Finally, this makes the power 
generating system complicated and it cannot be said 
that the cell is small enough. 
5 To increase the voliametric energy density of fuel, 

it is effective to use a liquid fuel and to simplify 
the cell structure (e.g. by eliminating the auxiliary 
machines to supply fuel and oxidizing agent to the 
cell). For this purpose, some proposals have been made. 

10 Japanese Patent Laid-open 2000-26885 and Japanese 
patent Laid-open 2000-268836, which are the latest 
exeimples propose a direct methanol fuel cell (DMFC) 
which uses methanol and water as the fuel. 

The DMFC comprises a liquid fuel container, a 

15 material, which can supply liquid fuel by the 

capillary action on the outer wall of the container, 
an anode in contact with the material, a polymer 
electrolyte membrane, and a cathode, the members being 
disposed in that order. As oxygen is supplied by 

20 dispersion to the outer surface of the cathode, which 
is in contact with the outside air, this type of power 
generation device does not require any auxiliary 
machine to supply the fuel and the oxidizing agent. 
This simplifies the fuel cell system. The DMFC has a 

25 feature that the unit cells can be connected in series 



feature that the unit cells can be connected in series 
simply by electrical connections and require no cell 
connecting part such as a separator. However, when the 
DMFC is connected to a load, the output voltage of a 
5 unit cell is very low (0.3 to 0.4V). Therefore, to 
generate an output voltage available to portable 
electronic devices, you must connect unit cells in 
series using a plurality of fuel tanks for the cells. 

10 SUMMARY OF THE INVENTION 

As described above, the conventional portable fuel 
cell comprises a plurality of unit cells each of which 
has the cathode placed on the outer surface and the 
anode placed on the inner surface. These unit cells 

15 are serially connected in the anode -to -cathode manner 
to generate a voltage available to portable electronic 
equipment. Further, their manufacturing method is very 
complicated and time-consuming because the unit cells 
must be electrically connected in series in the anode - 

20 to-cathode manner. As the niunber of unit cells to be 
connected increases , this problem becomes more 
distinct. Further in this case, each unit cell must be 
sealed to prevent leaks, which limits the packing 
density of unit cells. As the result, this limits the 

25 energy density of the cell. 
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Accordingly, it is an object of this invention to 
provide a sheet -like chemical cell of a simple and 
easy- fabricated structure having a small quantity of 
parts that can improve the energy density strikingly, 
5 a manufacturing method thereof, a fuel cell, and as 
manufacturing method thereof. 

This invention is related to a fuel cell 
generating device which comprises an anode, an 
electrolyte membrane, and a cathode and generates 
10 electricity by oxidizing the fuel at the anode and 

reducing the oxygen gas at the cathode, particularly a 
fuel cell for portable electronic equipment which uses 
liquid fuel such as an aqueous methanol solution as 
the fuel. 

15 This invention relates to a sheet -like chemical 

cell or a sheet -like electrolyte-electrode cell 
assembly including a plurality of unit cells each of 
which comprises an electrolyte membrane, a plurality 
of anode plates which oxidizes fuel on one surface of 

20 said electrolyte membrane, and a plurality of cathode 
plates which reduces oxygen on the other surface of 
said electrolyte membrane with said anode and cathode 
plates opposed each other in pairs with the membrane 
therebetween . 

25 Further, the membrane has a plurality of slots 



each of which is provided between every two adjoining 
electrodes of the same type to electrically connect 
the opposing anode and cathode plates through these 
slots. In the completed electrolyte-electrode cell 
5 assembly sheet, these slots are sealed with an 
insulating material. 

The fuel cell power generating device has this 
electrolyte-electrode cell assembly sheet with its 
anode side in contact with the fuel supply section and 

10 uses liquid fuel, particularly aqueous alcohol 
solution as the fuel. 

This electrolyte -electrode cell assembly sheet is 
manufactured by forming a plurality of anode plates on 
one surface of the electrolyte membrane and a 

15 plurality of cathode plates on the other surface of 

the electrolyte membrane, forming a slot between every 
two adjoining electrodes of the same type, 
electrically connecting the adjoining anode and 
cathode plates with these slots, sealing these slots 

20 with an insulating material, or sandwiching this 

electrolyte -elect rode cell assembly sheet between two 
thermoplastic sheets having wiring layers on them to 
electrically connect these wiring layers through slots 
on the electrolyte membrane and fixing the sheets 

25 firmly by fusion-connection of the plastic sheets. 
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The unit cells are electrically connected in 
series, in parallel, or both to output desired high 
voltages and currents. 

The fuel cell of this invention can run portable 
5 electronic equipment such as mobile telephone sets, 
portable personal computers, audiovisual equipment, 
and other mobile information terminal equipment longer 
when used as a battery charger to recharge the 
equipment while the equipment is not running or as a 

10 built-in power supply instead of the secondary battery, 
or continuously by replenishing the fuel. 

The electrolyte-electrode cell assembly sheet of 
this invention has a plurality of electrodes on a 
single electrolyte membrane. They can be manufactured 

15 by direct screen-printing on the electrolyte membrane 
or screen-printing electrodes on a mold releasing film 
and transferring them onto the electrolyte membrane by 
thermal compression using a hot press and the like. 
The anode catalyst constituting the power 

20 generation section can be carbon grains (carriers) 

impregnated with a mixture of platinum particles and 
ruthenium particles or platinum-ruthenium alloy 
particles and the cathode catalyst can be carbon 
grains (carriers) impregnated with platinum particles. 

25 These catalyst materials are easily manufactured and 
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available. However, the catalyst materials are not 
limited. Any catalyst material can be used for anodes 
and cathodes of this invention as long as they are 
used for normal direct oxidation fuel cells . For 
5 stabilization and longer service lives , it is 
preferable to add a third or fourth ingredient 
selected from a group of iron, tin, and rare-earth 
elements to the above precious metal components. 
As this invention is not limited to the 

10 electrolyte membrane, a proton conductive membrane is 
also available. Typical membrane materials are 
sulfonated or alkylene-sulf onated fluorine polymers 
such as perf luorocarbon sulfonic acid resin and 
polyperf luorostyrene sulfonic acid resin, polystyrene, 

15 polysulfon, polyether sulfon, polyetherether sulfon, 
polyetherether ketone, and other sulfonated 
hydrocarbon polymers. Among these electrolyte membrane 
materials , materials that has a low methanol 
permeability are preferable because they can use fuel 

20 more effectively without causing a cell voltage drop 
due to fuel crossover. 

It is also possible to make the fuel cell work in 
high temperature ranges by using a complex electrolyte 
membrane prepared by finely impregnating a thermo- 

25 stable resin with proton -conductive inorganic material 
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such as tungsten oxide hydrate, zirconium oxide 
hydrate, tin oxide hydrate, silicotungstic acid, 
silicomolybdic acid, tungstophosphoric acid, 
molybdophosphoric acid, etc. As long as an electrolyte 
5 membrane has a high proton conductivity and a low 

methanol permeability, the fuel utilization ratio of 
the fuel cell becomes high. Consequently, downsizing 
and long service life, which are the effect of this 
invention can be fully accomplished. 

10 Generally, a hydration type acid electrolyte 

membrane is subject to deformation due to repetitive 
swelling (when the membrane is wet) and shrinkage 
(when the membrane is dry) . Further it sometimes 
happens that the mechanical membrane strength is not 

15 enough when the electrolyte membrane has a high ion 

conductivity. To increase the mechanical strength of 
the electrolyte membranes and assure the reliability 
of the cell performance, various effective methods are 
available such as chemically bridging the electrolyte 

20 membranes, lining the electrolyte membranes with a 
woven or non -woven cloth having high mechanical 
strength and heat-resistance, or adding fibers of high 
mechanical strength and heat -resistance as a filler to 
the electrolyte membranes. 

25 Further, this invention is characterized in that 
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the electrolyte membrane sheet has a plurality of 
slots of a predetermined planar shape on the sheet. 
Furthermore, this invention is characterized in that 
the plastic sheet has a plurality of wiring layers of 
5 a predetermined shape formed at equal intervals 

thereon and that the wiring layers and the layer areas 
of the sheet have a plurality of through holes thereon. 
As explained above, this invention provides new 
electrolyte membrane sheets and new wiring sheets for 

10 a new fuel cell structure. 

The power generation structure in accordance with 
this invention enables realization of a simple power 
generation system without any auxiliary machine to 
supply fuel and oxidizing agent. Further, as the power 

15 generation system uses, as liquid fuel, an aqueous 

methanol solution of a high volumetric energy density, 
the system can generate power longer (per container 
capacity) than the system uses hydrogen gas in a fuel 
container of the same capacity. Furthermore, by 

20 replenishing the fuel, the system can generate power 

continuously without a break for recharging from which 
a secondary battery cannot be free. 

The fuel cell of this invention can run portable 
electronic equipment such as mobile telephone sets, 

25 portable personal computers, portable audiovisual 
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equipment, and other mobile information terminal 
equipment longer when used as a battery charger to 
recharge the equipment while the equipment is not 
running or as a built-in power supply instead of the 
5 secondary battery, or continuously by replenishing the 
fuel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an electrolyte- 
10 electrode cell assembly to which this invention 
relates * 

FIG. 2 is a perspective view of an electrolyte- 
electrode cell assembly to which this invention 
relates . 

15 FIG. 3 is a perspective view of an electrolyte- 

electrode cell assembly, which is the first embodiment 
of this invention. 

FIG. 4 is a cross-sectional view of the 
electrolyte -electrode cell assembly having wiring 
20 layers thereon in accordance with the first embodiment. 

FIG. 5 is a perspective view of the electrolyte- 
electrode cell assembly having wiring layers thereon 
in accordance with the second embodiment. 

FIG. 6 is a cross-sectional view of the 
25 electrolyte-electrode cell assembly having wiring 
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layers thereon in accordance with the second 
embodiment . 

FIG. 7 is a perspective view of a set of a fuel 
cartridge and a fuel supply section in accordance with 
5 the third embodiment. 

FIG. 8 is a perspective view of a fuel cell in 
accordance with the third embodiment. 

FIG. 9 is an exploded perspective view of a fuel 
cell in accordance with the first comparative example. 
10 FIG. 10 is a perspective view of the whole fuel 

cell in accordance with the first comparative example. 

DETAILED DESCRIPTION OF THE INVENTION 
Description of the Preferred Embodiments 
15 In the following examples are described several 

preferred embodiments to illustrate this invention. 
However, it is to be understood that the invention is 
not intended to be limited to the specific embodiments 
(Embodiment 1) 

20 FIG. 1 is a perspective view of an electrolyte- 

electrode cell assembly to which this invention 
relates. A plurality of electrode plates 2 is formed 
on each surface of a single electrolyte membrane 1. 
FIG. 2 is an exploded perspective view of an 

25 electrolyte -electrode cell assembly of FIG. 1. The 
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electrolyte membrane 1 has a plurality of cathode 
plates 3 that reduces oxygen on one surface of said 
electrolyte membrane 1 and a plurality of anode plates 
4 which oxidizes fuel on the other surface of said 
5 electrolyte membrane. These electrode plates can be 
manufactured by direct screen-printing on the 
electrolyte membrane or screen-printing electrodes on 
a mold releasing film and transferring them onto the 
electrolyte membrane by thermal compression using a 

10 hot press and the like. 

The inventors formed anode plates (porous 
membranes) 4 of about 20 microns thick on a 
polytetraf luoroethylene film by screen-printing a 
slurry comprising catalyst particles prepared by 

15 impregnating carbon carriers with 50% by weight of Pt- 
Ru alloy particles having 1 part of platinum and 1 
part of ruthenium (in atomic ratio), 30% by weight of 
perf luorocarbon sulfonic acid (Du Pont NAFION117) as a 
binder, and a mixture of water and alcohol (20 parts 

20 water, 40 parts isopropanol, and 40 parts of normal 
isopropanol by weight) as a solvent. 

Similarly, we formed cathode plates (porous 
membranes) 3 of about 25 microns thick on a 
polytetraf luoroethylene film by screen-printing a 

25 slurry comprising catalyst particles prepared by 
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Impregnating carbon carriers with 30% by weight of 
platinum particles, the electrolyte as a binder, and a 
mixture of water and alcohol as a solvent. 

We prepared the catalyst particles by dispersing 
5 Pt-Ru alloy particles and platinum particles of 5 nm 

in grain size over the surfaces of carbon particles of 
30 to 60 nm in grain size by electroless plating while 
controlling the plating time, the reduction speed, and 
so on . 

10 We prepared anode plates 4 (porous membranes) and 

cathode plates 3 (porous membranes) by cutting out 
anode plates of 10 mm wide by 20 mm long and cathode 
plates of 10 mm wide by 20 mm long respectively from 
the above polytetraf luoroethylene films, and removing 

15 polytetraf luoroethylene films from the back of the 

plates. Then, we cut out a NAFION117 sheet of 70 mm 
wide by 60 mm long as the electrolyte membrane 1 and 
placed eight anode plates in a 2 by 4 array at equal 
intervals on one surface of the cut-out NAFI0N117 

20 sheet and eight cathode plates on the other side of 
the NAFION 117 sheet in the similar manner with the 
anode plates and the cathode plates matched with the 
NAFION117 sheet therebetween as shown in FIG. 2. We 
sandwiched this electrode -membrane assembly between 

25 two Imm-thick polytetraf luoroethylene sheets and hot- 



- 16 - 



pressed this at 140®C and about 5 MPa for 4 minutes. 
After hot-pressing thereof, we removed the 
polytetraf luoroethylene sheets and got a sheet -like 
electrode -membrane assembly. 
5 (Embodiment 2) 

FIG. 3 is a perspective view of a sheet -like 
electrolyte -electrode cell assembly of Embodiment 1 
which has slots 5 to electrically connect unit cells 
in series on the electrolyte membrane 1 . As shown in 
10 FIG. 3, a slot is independently provided between every 
two adjoining electrodes of the same type on the 
electrolyte membrane 1. These slots also work to 
prevent short-circuiting of adjoining two electrodes 
by ions. 

15 To electrically connect these unit cells in 

series, connect the upper unit cells from right to 
left using the slots, connect the leftmost upper unit 
cell to the leftmost lower unit cell using a slot 
between them, connect the lower unit cells from left 

20 to right using the slots until the rightmost lower 
unit cell is connected to the EXT terminal. In this 
case, three slots between three upper right unit cells 
and three lower right unit cells are not used for 
electrical connection and filled with resin. Slots can 

25 be formed on the electrolyte membrane 1 before or 
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after the electrodes are formed. 

FIG. 4 Is a cross -sectional view of the 
electrolyte -electrode cell assembly showing how the 
unit cells are electrically connected in series using 
5 current collecting plates. We disposed thin current- 
collecting plates 7 of a preset planar shape in place 
on the anode plates and cathode plates respectively 
with one edge of the current -collecting plate put in a 
slot between every two unit cells to electrically 

10 connect each anode plate 4 to the next cathode plate 3 
in sequence, filled the slots with an insulating 
sealing resin 6 to assure insulation of unit cells and 
to prevent fuel leaks, and covered the whole assembly 
with a plastic sheet. 

15 With this, we obtained a sheet-like electrolyte- 

electrode cell assembly whose unit cells are 
electrically connected. Each current -collecting plate 
7 has almost the same planar shape as each electrode 
plate. Its areas fit for the electrodes and the 

20 plastic sheets have fine through-holes to flow fuel 
gases therethrough . 
( Embodiment 3 ) 
FIG. 5 is a perspective view of the sheet -like 
electrolyte-electrode cell assembly. We formed slots 5 

25 (a slot between every two adjoining unit cell 
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electrodes) on the electrolyte membrane of the sheet - 
like electrolyte-electrode cell assembly 17 of 
Embodiment 1 as shown in FIG. 3 to electrically 
connect unit cells in series . 
5 Then we took the steps of plating a copper 

conductive layer on separate thermoplastic sheets and 
a gold or platinum layer over the copper layer, 
etching cathode wiring layers 12 of a preset planar 
shape to be matched with the aforesaid cathode plates 

10 3 on one of the plated thermoplastic sheets to form a 
cathode wiring sheet 16, etching anode wiring layers 
15 of a preset planar shape to be matched with the 
aforesaid anode plates 4 on the other plated 
thermoplastic sheet to form an anode wiring sheet 18, 

15 sandwiching the sheet-like electrolyte-electrode cell 
assembly 17 between these anode and cathode 
thermoplastic sheets with the etched wiring layers 
matched respectively with the cathode and anode plates 
on the cell assembly 17, sandwiching this assembly 

20 between two polytetraf luoroethylene films, and hot- 
pressing thereof by a leuninator. 

With this, we got the sheet-like electrolyte- 
electrode cell assembly 17 having wiring layers. Fine 
through-holes are made by punching or etching on 

25 cathode wiring layers 12 on the cathode wiring sheets 
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le, anode wiring layers 15 on the anode wiring sheets 
18, and the corresponding areas of the thermoplastic 
sheets to supply the fuel to the anode plates 4 and 
oxygen to the cathode plates . 
5 The cathode wiring layers 12 and the anode wiring 

layers 15 are connected in series in the manner 
similar to the serial electrical connection of FIG, 3. 
They are a little shifted from each other so that they 
may intersect and connect with each other in the slots 

10 when the sheets are attached together. 

FIG. 6 is a cross -sectional view of the 
electrolyte -electrode cell assembly having wiring 
layers thereon. The cathode wiring layers 16 and the 
anode wiring layers 18 are respectively formed on the 

15 thermoplastic sheets so that they may be overlapped 

with each other at the slots 5 that are formed on the 
electrolyte membrane to electrically connect the abode 
plates 3 and cathode plates 4 in series. When hot- 
compressed by the laminator, the wiring layers are 

20 made in contact and connected with each other in the 
slots . 

At the same time, the slots 5 are filled with 
resin. When the thermoplastic resin becomes cold and 
set, the upper and lower wiring sheets are bonded 
25 together and the wiring layers are connected firmly. 
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At the same time, the thermoplastic resin works to 
insulate the slots 5 and prevent leaks of fuel from 
the slots. This embodiment can make all electric 
connections at a time and bond the whole peripheries 
5 of the wiring sheets together except the EXT terminal 
areas . 

( Embodiment 4 ) 
FIGl 7 is a bird's-eye view of a fuel supply 
section, which uses the electrolyte-electrode cell 

10 assembly of this invention. The unit of FIG. 7 

comprises a fuel supply section 22 which supplies fuel 
to the electrolyte-electrode cell assemblies equipped 
with wiring layers, a replaceable fuel cartridge 21 
which stores fuel, and liquid pipes 25 which connect 

15 the fuel supply section 22 and the replaceable fuel 
cartridge 21. The fuel supply section 22 contains a 
fuel cell assembly of Embodiment 1 on each side of the 
fuel supply section 22. 

The fuel supply section 22 contains a porous 

20 material to disperse liquid fuel uniformly by the 
capillary action and supplies liquid fuel to every 
unit cell through the opening 24. The fuel supply 
section has an elastomeric seal 23 to prevent fuel 
leaks, an external anode terminal 27 and an external 

25 cathode terminal 27 to take out electricity from the 
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fuel cell on each of the front and rear sides of the 
fuel supply section. The fuel supply section also has 
a plurality of gas-liquid separating membranes 26 on 
the sides of the fuel supply section to escape gas 
5 generated by power generation to the outside and 

prevent an internal pressure rise as shown in FIG. 7. 
Each electrolyte -electrode cell assembly 30 on each 
side is bonded to the fuel supply section 22 at the 
periphery by adhesives or hot -compression . 

10 FIG. 8 is a bird's-eye view of the fuel supply 

section on which the fuel cell assemblies are bonded. 
As shown in FIG. 8, the sheet-like electrolyte- 
electrode cell assembly 30 having wiring layers 
prepared by Embodiments 2 and 3 is bonded to each side 

15 of the fuel supply section 22. We supplied an aqueous 
methanol solution containing 5% by weight methanol to 
this cell assembly in which 16 unit cells were 
connected in series. We obtained an output of about 
150 mW and a voltage of 3.2 V. 

20 (Comparative example 1) 

FIG. 9 is an exploded perspective view of an 
example of conventional fuel cell and FIG. 10 shows a 
bird's-eye view of the assembled fuel cell. In the 
conventional fuel cell, a unit cell uses one 

25 electrolyte-electrode cell assembly 36 and requires a 
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sealing material to prevent a fuel leak from the unit 
cell. Substantially, an elastomeric sealer is placed 
on the periphery of each side of the electrolyte - 
electrode cell assembly. These unit cells are placed 
5 in place in a cell storage container 41, electrically 
connected in series by interconnectors , attaching the 
diffusion layers 34 and the output terminals 38, 
covered with cell fixing plates, and fixed firmly with 
screws having a ventilation hole 40. 

10 As explained above, the conventional fuel cell 

has a complicated structure and lots of parts. Further, 
positioning of parts in the cell storage container is 
very difficult. Incorrect part positioning caused not 
only a power reduction but also a fuel leak. With a 

15 supply of an aqueous methanol solution containing 5% 
methanol as fuel, the conventional cell having four 
unit cells connected in series output about 20 mW. 

A fuel cell assembly in accordance with 
embodiments explained above comprises a plurality of 

20 unit cells each of which comprises an electrolyte 

membrane having a plurality of anodes on one side of 
the electrolyte membrane and a plurality of cathodes 
on the other side of the electrolyte membrane. This 
simplifies the fuel cell structure, reduces the number 

25 of parts, and facilitates assembling. As this also 
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facilitates disassembling the fuel cell assembly, only 
electrolyte -electrode cell assemblies can be easily 
taken out from recovered fuel cells for recycling of 
precious metals. The embodiments simplify fuel cell 
5 structures and manufacturing processes and also 
provides a compact power supply fit for portable 
equipment without any auxiliary machine. This 
invention can also provide portable electronic devices 
using such fuel cells . 
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